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Several studies have demonstrated that dendritic cells 
can be generated in 11itro front CD34 + hetnatopoietic 
progenitor cells. In JJi110, dendritic cells are found in many 
tissues and reside in direct proximity to extracellular 
matrix proteins. Because extracellular matrix proteins 
affect differentiation and location of cells in tissues, this 
study was designed to investigate potential effects of 
extracellular matrix proteins on differentiation of dend-
ritic cells. Dendritic cells were generated from CD34 + 
human cord blood cells in the presence of granulocyte-
macrophage colony-stin:mlating factor and tutnor 
necrosis factor-a for 6 d and subsequently cultured for 
an additional 6-d period on tissue culture plates coated 
with various extracellular matrix proteins. Among the 
extracellular tnatrix proteins tested, exposure to 
fibronectin stimulated dendritic cell/Langerhans cell dif-
M ature cells are found almost excl usively in tissues where they execute specifi c biologic fun ctions. Dendriti c cells (DC) are fo und in virtually all nonlymphoid peri phera l organs . DC originate from bone marrow, circulate as precursors, and have the 
capacity to differentiate into mature fun ctional antigen-presenting ce lls 
in tissues (Sting] and Bergstresser, 1995). In epithelial tissues such as 
epidermis and mucosal surfaces that are prominent sites o f antigen 
encounter, the residen t DC are kn own as Langerhans cells. La ngerhans 
cells pick up antigens and subsequ ently migrate through the afferent 
lymphatics to the T-cell-dependellt areas of lymph nodes where they 
efficiently present processed antigens to T cells. These va Li ous functi ons 
are associated with different maturation stages of dendritic Langerhans 
cells. Epithelia-associated DC are regarded as more immature than the 
lymph node homing cells, which are considered as th e fully mature 
forms (reviewed in Teunissen, 1992; Steinman et nl, 1995). T he 
hallmark of epithelial Langerhans cells are th e so-called Birbeck 
granules, w hich are intracytoplasmic, rod-shaped organelles with a 
double membrane and a cross-striated pattern. The origin and function 
of th ese structures are not yet clear. 
Dendri tic Langerhans cells o rigin ate fi·om bone marrow but th eir 
site of maturation and th e conditions that direct their differentiation 
are still poorly characte1.ized. In an i11 vivo envi ronment, cells must 
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ferentiation as indicated by the 50% increase of the 
nmnber of cells expressing the Birbeck granule-associated 
marker Lag and displaying numerous Birbeck granules. 
Adhesion on fibronectin was shown to be specifically 
mediated by the integrin a 5p1• Because laminin and 
collagen were unable to cause sitnilar changes in 
Langerhans cell development, these results suggest that 
fibronectin may cause changes affecting cellular differen-
tiation of progenitors. Hematopoietic progenitors may 
exhibit maturational regulated differences in response to 
both matrix molecules and cytokines. The influence of 
combined signals emanating from a supportive micro-
environment, specific integrins, and particular cytokines 
in the differentiation ofLangerhans cells is discussed. Key 
words: de11dritic cells/extracell11lar mat1·ix . J btJJest Demwtol 
109:738-743, 1997 
traverse both blood vessel walls via the underlyin g basement membrane 
and extraceHuJar spaces to reside within tissues. T he extracellular matrix 
(ECM), a structural component of blood vessel walls and ti ssue, is 
assumed to be important fo r the differen tiation, the migration , and the 
loca tion of cells in tissues Quliano and Haski ll , 1993; Lin and Bissell , 
1993; C lark and Brugge, 1995; Roskelley et al, 1995). T he present 
study was designed to investigate the potential effec ts ofECM molecules 
on the differentiation of i11 vitro generated dendritic Langerhans ce lls. 
To address this issue, we started with culture co nditi ons being established 
for the expansion of C D 34 + umbilical cord blood progenitor cells 
using granulocyte-macrophage colony-stim ulating fuc to r (G M-CS F) 
in conjunction with tumor necrosis factor-ex (TNF-cx) (Caux et a/, 
1992), to subsequ ently expose the cells to different ECM proteins. 
Using this approach, we were able to generate large numbers of De-
expressing B irbeck granules that are the hallmark of epithelial DC. 
MATERIAL AND METHODS 
Monoclonal antibodies and ECM Murine monoclonal antibod ies (MoAb) 
of the following specifici ti es were used: human C D'la (O KT6, Ortho, [l..aritan, 
NJ) ; human a1 i nt~grin (CD49a) (clone T $2/7, Serotec, Oxford, England); 
human a 2 integrin (CD49b) (clone Gi9, Immunotech, Marseille, France); 
hu man a3 integrin (CD49c) (clone P1B5, Tdios Pharmaceutical, San Diego, 
CA); human a 4 integrin (CD49d) (clone H P2/ 1, Serotec); human a 5 integrin (C D49e) (clone P1 D6, Telios Phannaceutical); human a& integrin (CD49f) 
(clone Go H3, lmmu notech); human ~ 1 integrin (CD29) (clone K20, Immuno-
tech). The fun ction- blocking MoAb directed to ~ 1 integrin (clone 13) was a 
generous gift ficom Dr. K.M. Yamada (National Institute of Health , Bethesda , 
MD) (Akiya ma et a/, 1989). Lag antibody specific for a 40-kDa glycoprotein 
associated with Birbeck granules (Kashihara et a/, '1986) was kindly provided by 
Dr. S. Imamura (Department of Dem1atology, Kyoto University, Kyoto, Japan). 
Purified fi bronectin (FN) fro m human plasma, and defi ned fi·agments of 
huma n FN (45 kDa and 40 kDa) , as well as Jaminin (LN) purifi ed fi·om human 
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placenta , were purchased fi·om Sigma (St. Louis, MO). Type I collagen and 
type IV coll agen ptni fied from human placenta were obtained from Becton 
Dicbnson (Meylan , France). 
Cord blood CD34 + cell isolation and culture Cord blood was co ll ected 
according to institutional guidelines during normal full-tenn deliveries. Mono-
nuclear ce lls were isolated by Ficoll-Hypaque gradient centrifugation (Pharmacia , 
Uppsa la, Sweden). CD34 +cells were purified using the MACS CD34 progenitor 
cell iso lation kit (Mi ltenyi Biotec, Bergisch Gladbach, Germany) according to 
the manuf:tcturer's instructions. The purity of the CD34 + population was more 
than 80%. Isolated progenitors were cultured in R.PM I '1640 (Gibco BRL, 
Grand Island, NY) supplemented with 10% heat-inactivated feta l calf serum 
(Gibco) , 5 X 105 M 2-mercaptoethanol (Sig1m), 100 U penicillin per ml, 
100 j.!g streptomycin per ml. as described (Caux et nl , 1992). Cultures were 
supplemented with recombinant human GM-CSF (200 U per ml , specific 
activity: 2 X 106 U per mg; kindly provided by Schering-Piough laboratories, 
Dardilly, France), and recombinant human TNF-a (50 U per ml, spec ific 
activity: 2 X 107 U per mg; Genzyme, Cambridge, MA) . 
Cell attachment assays The wells of 48-well Rat-bottom culture plates 
(Costar, Cambridge, MA) were coated with LN (2 j.!g per cm2), type I and 
type IV collagens (5 j.!g per cm2) by evaporation to dryness and with FN (1 0 j.!g 
per ml in phosphate-bufrered saline) and fragments of human FN (10-50 j.!g 
per ml in phosphate-bufiered sa]ine) overnight at 4°C . Adhesion assays were 
performed as desc ribed (Staquet et a/, 1995). In some experiments, cells were 
incubated for 30 min with MoAb specific for integtin subunits, prior to the 
addition to coated wells for a further 45 min . All incuba tions were canied out 
in RPM! '1 640 containing 1% bovine serum album.in , and all assays were 
performed in duplicate. 
Culture of DC on ECM-coated plates The wells of 24-well Rat-bottom 
culture plates (Costa r) were coated with FN, LN , and type I collagen as 
described above. The wells were washed twice with RPM! 1640 and cells 
released at 6-d GM-CSF and TNF-a-stimulated cultures were transferred to 
the plates (3 X '105 cells per well) and maintained for a further 6 d in the 
presence of GM-CSF and TNF-a. In some experiments, afta overnight 
cultivation in the presence of FN , nonadherent cells were harvested by pipetting 
and then subcultured in uncoated we lls until day 12, in medium containing 
GM-CSF and TNF-a. 
Flow cytometric analysis T he cells strongly adherent to FN at day 12 were 
detached using nonenzymatic cell dissociation solution (Sigma) and prepared 
for fluorescence-acti va ted cell sorter analysis by a standard procedure (Staquet 
et a/, I 995). Appropliate Auoroscein isothiocyanate-conjugated ami-mouse, 
anti-rat secondary antibodies. and lg isotype-matched control MoAb (S igma) 
were used. For dua l color flow cytometry, cells were labeled with MoAb 
specific for integrin subunits before they were re:1cted with phycoe•ythrin-
conjugated F(ab'h fragments of sheep anti-mouse lg and then stained with 
Auoroscein iso thiocyanate-conjugated OKT6 (ami-CD'I a). For suspension stain-
ing of the intracel lular Lag antigen , the commercially avai lable combination 
reagent Fix and Perm fi·om Caltag (Burlingame, CA) was used according to 
the manu f:1cturer's procedure. Fluorescence was mt:asured with a FACScan 
Aow cytometer (Becton Dicki nson). 
Ultrastructural analysis of in 11it•·o generated cells The ce Lls strongly 
adherent ro FN were detached using nonenzymatic cell dissociation so lution 
(Sigma). The cells were harvested at day '12, washed, and fixed in 2% 
glutaraldehyde in a cacodylate bufre r, and processed for elt:c tron analysis by a 
sta ndard procedure (Dezutter ct ol, 1985). 
RESULTS 
Generation of CD1a + dendritic cells from CD34 + cord blood 
precursors Cord blood CD34 + ce ll s were cultured according to the 
m ethod previously described by Ca ux ef a / (1992) . Within 4--5 d, part 
of the cells form ed clusters w ith peripheral ceLls displaying typical D C 
morpho logy. T he number and size of aggregates in creased until day 
12, w hile a few adherent cells \vith long dendriti c projections also 
progressively appeared. At days 12-'14, a sma ll percentage of DC/ 
Langerhans ce lls was generated, characteri zed by the expression of 
CDla and Birbeck granules. The proportion of cells expressing CDla 
increased fi·om 0% at day 0 to 19.6 :±: 7.6'Yc, at day 6 and 74 .3 :±: 8.6% 
at day '12 (mean :±: SD, n = l O). [n the fu rth er experim ents, cells 
were used after 6 d of culture. 
Matrix binding properties of iu vitro generated cells In order to 
evaluate the effect of ECM components o n ad hesion properties of DC 
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Figure 1. Six-d-cultured cells specifically attached to FN. After 6 d of 
culture in the presence of GM-CSF and TNF-a, cells were transferred to wells 
coated with FN, LN, collagen type IV, and collagen type l, for 45 min. The 
number of cells adherent to each substrate was counted and results are e·xpressed 
as a percentage of attached cells. Mean values ± SO of seven experiments 
are given. 
precursor we analyzed the ability of day-6 cells to bind to FN-, LN-, 
type I collagen- , and type IV collagen-coated surfaces. After 6 d in 
liquid culture, most of the cells were in suspension and fonned small 
clusters surrounded by a few scattered adherent cells. When cells were 
replaced for 45 min at 37°C onto plastic culture dishes (m atrix free), 
23.8 :±: 8.1 % (mean ± SD, n = 7) w ere loosely adherent. W h ereas 
when the cells were o rganized mainly in small aggregates, 21 :±: 9.6%, 
2 J. 4 :±: 10 .6%, 19.5 :±: 12.6% loosely attached to LN, collagen type 
IV, and collagen type l , respectively (Fig 1). When replaced on FN, 
80.4 :±: 8.5% of the ce lls spread and attached firmly to the substra te, 
and displayed a dendritic morphology (Figs 1, 2). T hese adhesive 
responses suggested that FN was a ctiti cal ligand for DC precursors i.n 
their binding to the ECM. 
Cell attachment to FN is mediated by a5~ 1 Because the binding 
of cells to ECM is mainly m ediated by ~ 1 integrins, the expression of 
~ 1 integri ns was examined o n day-6 precursor cells using Row 
cytometti c analysis. All the cells were labeled w ith ami-a l> a 4 , as. 
and ~ 1 integrin chain MoAb , indicating that the cells bo re th e a 1 ~ 1 , 
a4 ~ 1 , and a5~ 1 integrin (Fig 3). All the cells e.'Cpressing ei ther CDla 
or CD14 o n day 6 of culture, coexpressed a 4 and as (data not sh own). 
The a6~ 1> a3~ 1 , and a2~ 1 complexes were not expressed by th ese cells. 
To charactetize the receptors n1.ediating attachment to FN, cells 
were incubated w ith a.J , a s, and ~ 1 integtin-specific, fun ction-blocki ng 
antibodies prior to the addition in attachment assays. Adhesion of 6-d 
cultured cells was substantially, and in a concentration-dependent 
manner, inhibited by anti-a5 M oAb P1B5 w ith a 12-38% reductio n 
of attachment, and was large ly in hibited by an ti-~ 1 MoAb M1 3 with 
a 65-85% reduction (Fig 4). Complete inh ibition of cell attachment 
was observed w hen both P1B5 (1 / 10) and M13 (1/ 100) were added 
at the same time (Fig 4). The anti-a4 MoAb HP2/ 1 did not inhibit 
adhesio n of DC to intact FN, and the proportion of cells adherent to 
FN in the presence of anti-as was not modified by the addition of 
anti-a4 . T he contro l MoAb, an lgG1 isotype, had no effect. 
Additiona ll y, wells of 48-well p lates were coated w ith 10, 25 , and 
50 J..lg per nil of fi·agments derived fi·om two parts of the FN molecule, 
the 45-kDa fra gment containing the gelatin-binding region and the 
30-kDa fragment of the heparin-binding region containing the a4~ 1 
binding site. At a coa ting concentration of 5 J..Lg per nil , 25 .5 :±: 8 .3% 
and 32.6 :±: 8.5% (mean :±: SD) attached to the 45-kDa and 30-kDa 
fi·agments, respectively (Fig 5). B ecause neady the same level o f 
3ttachm ent was observed in the absence of protein , it was considered 
that no specific attachmellt occurred to eith er the gela tin or the heparin 
fragm ents during the 45-min incubation. Taken together, these resu lts 
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Figure 2. Cells grown on different substrates exhibit different 
morphologic characteristics. C034+ cell s were cu ltured for 6 d with GM-
CSF and TNF-CY. as described in Materials a111f Methods and subcultured fo r an 
additiona16 din the presence ofECM proteins. In the absence of matrix (Ctl, 
control) as well as in the presence of lamin in (LN), cells mainly organized in 
nonadherent aggregates surrounded by some adherent cells. In the presence of 
collagen type I (Coll 1), cells organized into small aggregates and no adherent 
cells we re obse rved. In contrast, most of the cells attached, spread on the 
fibronectin (FN) , and displayed a dendriti c morphology with long projections. 
suggested that the gelatin-binding region and th e a4P1-binding site of 
FN did not contain the ptincipal attachment mechan.ism(s) for DC 
precursors but rather that a 5p 1 was the primary FN receptor mediating 
adhesion to FN. 
Effect ofECM on the maturation of in vitro generated DC Day-6 
cultured cells were transferred to culture plates left uncoated or coated 
with FN, LN, and collagen type L C ultures were replated for six 
additional days in the presence of GM-CSF and TNF-a. At day 12, 
cell viability was over 90% and none of the ECM proteins tested 
stimulated the proliferative capacity of the cells. C ultures in the absence 
of matrix (plasti c d.ish) were composed mainly of dend1jtic cell clusters 
and some isolated, adh erent cells with long dendritic projections. When 
cells were transfetTed at clay 6 onto LN and collagen type l , they 
rapidly formed many clusters that were maintained during the six 
additional clays of culture. A few spread and adherent cells were 
observed on LN, no spreading was observed in the presence of collagen. 
In contrast, cells did not form clusters but rapicUy spread , attached to 
FN, and rema.ined adh erent during the six additional days of culture. 
These adherent cells exh.ibited numerous, elongated dendriti c pro-
jections. 
Using th e above-mentioned culture conditi ons, after 12 d of culture, 
=70% of the cells acquired the DC marker molecule CDla w hen 
cultured either in the presence or in the absence of the· different ECM 
proteins tested. No signifi cant d.ifference was observed in the total 
number of CDJ a+ cells harvested at day 12, but FN had an enhancing 
effect on CDla + expression because the ratio of CD1a mean flu ores-
I 
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Figure 3. Beta1 integrin expression on CD34 +-derived cells after 6 d of 
culture dcternuned by two-dimensional immunofluorescence. Quadrants 
shown in FL 1/FL2 dot plots were defin ed using appropriate isotype control 
antibodi es, anti -COla and a n ti- ~ 1 integrin antibodies. COla+ cells express 
alph a1o alpha4, alpha5, and beta 1 subunits. 
cence intensity (CD1aMF!) in th e presence of FN/CD1aMFI in the 
absence of matrix was 1.34 ± 0. 14 (mean ± SE, n = 7) (Fig 6) . 
Interestingly, reactivity of the anti-Lag MoAb with cells maintained 
on FN was found to be increased. In cells maintained on regular plastic 
dishes, on LN-coatecl wells, and on collagen type !-coated wells, Lag-
reactivity was found in 10.2 ± 2.5% of the cells. In cells exposed to 
FN, the Lag-positive population within CDla + was significantly 
h.igher, 21.5 ± 5.5% (p = 0.01, Student's t test) (Fig 6). 
By transm.ission electron microscopy, it could be confirmed that the 
number of cells that developed typical Birbeck granules was higher in 
the population exposed to FN than in the population maintained on 
plastic. In two expetiments, up to 30% and 62% of Birbeck granule-
positive cells were observed at clay 13 compared with 12% and 13%, 
respectively, found in the population maintained on plastic (at least 30 
cells investigated under both sets of condition). T hese cells d.isplayed 
short and numerous Birbeck granules (Fig 7). In some experiments, 
at day 6, cells were exposed to FN, and subcultures were established 
from adherent cells and from nonaclherent cells. Nonaclherent cells 
were harvested by pipetting and were transferred onto plastic dishes . 
T hese cultures were composed main ly of sma.ll dendritic cell clusters 
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Figure 4. MoAb to alphas and b eta 1 inhib it the attachment of 6- d-
cultured cells to FN. Cel.ls were preincubated in suspension for 30 min at 
4°C without addition or in the presence of the indicated MoAb. Antibody-
treated cells were transfe rred to FN-coated wells for 45 min as indicated in 
Materials t1 11 d i\t/etltods. R esults a.re expressed as a percentage of the cells that 
attached to intact FN. Data represent the mean ± SD fo r three experiments. 
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Figure 5. Attachment of 6- d-cultured cells to FN is not mediated by 
FN fragments . Attached cells were counted after 45 min of incubation at 
37°C. Attachment to the 45- kDa fragment containing the gelati n- binding 
region (e ) and the 30-kDa fi-agment of the heparin- binding region containing 
the a4~1 -binding site (• ) is shown. T he same level of attachment (23.8 ± 8.1%) 
was observed in the absence of protein, indicating that these sites did not 
contain the principal attachment mechanism(s) that mediate adhesion of D C 
precursors to FN . Data represent the mean ± SD fo r three experiments. 
:md adherent cells. After a further 6 d of culture, the cells were 
characte rized. The proportion of CD1a + cells was similar in adherent 
and nonadherent cells; however, adherent cells showed the .highest 
level of expression of CDla. The ratio of CDlaMFl in adherent cells 
to CDl aMFl in nonadherent cells was 1.57 ::!: 0.12 (mean ::!: SEM, 
n = 4) . The number of cells expressing Lag antigen within CDla+ 
cells was 21 ::!: 2.6% in the adherent population , and 17.2 ± 4.2% in 
the nonadh erent population (mean ::!: SEM , n = 4). The percentage 
of Lag+ cells was lower in the cultures generated fi·orn the sante blood 
samples and grown on plasti c over 12 d (9.7 ::!: 1 .2%). Tllis suggests 
that the action of FN on promoting DC/ Langerhans cells outgrowth 
is not only restricted to the adhesion event. 
In comparison with culture on plastic, the number of cells expressing 
Birbeck granules was not sigtlificantly modified when cells were plated 
onto LN, and rather decreased in the presence of collagen type I. 
Thus, FN as an underlying matrix, influences the differentiation of 
D C precursors in promoting th e develop ment of typical epidermal 
Langerhans cells. 
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Figure 6. Analysis ofCDla and Lag expression. Cells were either culmred 
for 12 d on regular pbstic (without FN) , or plated on FN at day 6 of culture. 
Adherent cells were mainta ined for 6 d on fibron ectin-coated pbtes, and FN-
nonadherent ceLls were cultured on plastic for an additional 6 d, as described 
in Materials and Methods. R epresentative histograms show cells analyzed in 
pa rall el fo r CDb and Lag expression. 
Figure 7. Cells maintained in culture (day 6 to day 12) in the presence 
of fibronectin show the typical morphology ofLangerhans cells. At day 
12, the presence of numerous , short, Birbcck granules (-,)) is observed. Parts 
(b) and (c) arc inse rts of (a) . 
DISC USSION 
Several recent studies have foc ussed on the i11 11itro genera tion of DC 
from hematopoietic progeni to r cells and it has been demonstrated that 
the two cytokines GM-CSF and TNF-a are necessary for the i11 vitro 
genera tion ofDC/ Langerhans cells (Caux e/ a/, 1992; R eid cl a/, 1992; 
Cam" er al, 1996; Strunk e/ al, 1996) . In this study, we show tl1at FN , 
in addition to GM-CSF and TNF-a, plays a critical role in tl1e 
i11 vitro development of Langerhans cells f:i-om CD34 + hematopoietic 
progetlitors. In the i1 1 ltillo situation, DC exert their limctions within a 
tissue environment, comprising cells and ECM proteins, and th ey 
migrate through connective tissue on their way to and fro m their 
honling sites . D uring tissue formation, maintenance, and remodeling, 
ECM has an invaluable role not only in promoting cell motility and 
anchorage, but also in indu cing cell activation and difie renriation. It is 
becoming clear that cell- matrix interactions, through specific adh esion 
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receptors, trjgger biologic responses simi lar to those transdu ced by 
growth factors, honnones, and cytokines Qulian o and Haskill, 1993; 
Ruoslahti and Reed, 1994; D elco mmenn e and Streuli , 1995). There 
is currently little infonuation co ncerning the effects of ECM proteins 
on DC development. W e wondered w heth er culture in contact with 
ECM proteins th at are expressed constitutively in the nucroenviron-
ment of the skin, nught affect D C/Langerhans cells precursor 
behavio r in vitro. 
Exposure of 6-d cultured C D 34 + to FN-coated sur£'tces fo r six 
additional days (from day 6 to day 12), in the presence of GM-CSF 
and TNF-a, increased th e number of precursors differentiating into 
Langerhans cells. T he identification of Langerhans cells was assessed 
by electron nl.i croscop y and by using th e anti -Lag MoAb (Kasluh ara 
et al, 1986) that specifi cally reacts with Birbeck granules (the hallmark 
structure of epidermal Langerhans cell s) and that is widely used for the 
identification of Langerhans cells (Romani el a/, 1994; Strunk el a/, 
1996; Strobl et a/, 1996; Caux et al, 1996). Twelve d of culture, of 
w hich six were in the presence of FN, led to at least a 2-fold increase 
in the number ofBirbeck granule-co ntaiJung cells observed on regular 
plastic. T he viability of the cells recovered at day 12 was comparable 
in botl1 regular plastic and all ECM-coated dishes. T herefore, the 
observed increase of D C/Langerhans cells in the presence of FN was 
not caused by cell death on uncoated or other ECM protein-coated 
wells. These cells showed stimulatory activity in the mixed leukocyte 
reaction (Rougier el al, in preparation). T his binding to FN promoted 
specifically DC/ Langerhans cells developm.ent because other ECM 
proteins, such as LN and type 1 collagen, tailed to induce Birbeck 
granule-containing cells in our culture conditions. In contrast, full 
maturation of mouse bone marrow progeJutors and rnouse hepatic 
stromal cells into DC was achieved in the presence of type I collagen 
as the underlying matrix and GM-CSF (Lu et al, 1994; Mahnke et a/, 
1996), but D C/Langerhans cells were not found in these cu lture 
conditions. W e were concerned that Birbeck granu le formation, instead 
of being speciftcally indu ced by the fibron ectin interaction , may merely 
result .6.-om the adhesion event. Althou gh we observed some adherent 
cells devoid ofBirbeck granules w hen cells were fixed w ll.ilst attached 
on the bottom of the FN-coated culture wells and exanuned by 
transmission electro n. microscopy, and we also observed a higher 
proportion of CD la +/Lag+ Langerhans cells in FN-adherent and 
nonadherent cells than in parallel cel.ls grown without any contact with 
FN , we cannot completely exclude tbis possibili ty. The observation 
that in. TGF-~ 1 -supp lemented medium , w hi ch has been shown to 
promote DC/Langerhans cells development, many adherent cells are 
found with highly dendritic morphology similar to FN-adberent ce lls 
(Strobl et al, 1996) , could argue in favor of an indu cti on of Birbeck 
granules by adhesion; however, alth o(tgh the ro le of TGF-~ 1 in th e 
indu ction of D C/Langerhans ce lls rem ains undetermined, TGF-~ 1 is 
known to increase the expression of various ECM proteins as well as 
integrins (Santala and Heino, 1991; Ba uvois et a/, 1992; Wahl et a/, 
1993). ECM proteins and integrins are implicated as molecules that 
promote cell motility and anchorage but th at also induce cell activation 
and differentiation: among cell-FN interactio ns, a4~ 1 and a5~ 1 have 
been shown to have a cru cial ro le in the differentiation of thymocytes, 
muscle cells, and B cells (Utsumi et al, 199 1; R.oldan et a/, 1992; 
M cDonald et a/, 1995). A recent repo rt has demonstrated that integrin 
a 5 and a 6 subunits and growth £1ctors act togetlte r to regulate 
muscle differentiati on, ind icating that the regui:ltio n of proliferati o n, 
di ffe rentiatio n., and cell survival depends criti ca Ll y on th e expression 
levels of different integrins an.d the growth factO r environm ent in. 
whi ch th e cells res ide (Sastry et a/ , 1996). 
We have demonstrated that th e contac t between cells and FN was 
essentiall y mediated by the receptor a5~ 1, and th e surf.1ce expression 
of a5~ 1 was fo und to be increased after contact with FN (not shown) . 
Adhesive interacti ons with the ECM provide important costim ulatory 
signals that m ay render th e ce Lls capable of respo nding to o ther so luble 
signals. Cell- ECM interacti ons ca n be influ enced by cytokines. I FN-y 
and TNP~a have been show n to prom ote the bindii1g of splenic and 
pulmo nary rat DC to FN (Chang-Yao T.~ao ct al, 1994). GM-CSF, 
stem cell fa ctor, and lL-3 specifically activate a4 ~ 1 and a5~ 1 ex pressed 
on normal bone man:ow CD34 + progenitor cells and stimulate th eir 
THE J O URNAL OF INVESTIGATIVE DE RMATOLOGY 
adhesion on FN (Levesque ct a/, 1995). T hus, in addition to promotin g 
th e survival , proliferation , and development of DC/Langerhans cells, 
specific cytokines such as TNF-a and TGF-~1 could regulate adhesive 
interactions between Lan.gerhans cells progenitors and the ECM 
nu croenvironment by modifYing the fun ctional states of a4~ ·1 and 
as~ 1 in tegrins. 
O ur results show that the i11 vitro generation of Langerhans ce lls can 
be increased by their ad herence to FN, in the presence of GM-CSF 
and TN F-a. Caux el a/ (1996) suggested that Langerhans cells represent 
an epithelial-specific DC subset (CD 1a+ /CD14-, at day 6 of culture) 
arisin g directly from circulating precursors that can mature loca.lly. 
Because i11 llillo, Birbeck granule-co ntaiJung cells are veLy rare in 
circulating blood, these find ings suggest that precursors of Langerhans 
cells could mature in response to combined signals entanating from an 
FN-rich microenvironment, sp ecific integrins, and particu lar cytokines 
that they encounter after migration from the blood. 
The a litho!! m~ grat~ful to OJ: S. ll! tn!IIIIM (Kyoto, japn11) for ki11rfly providing MoAb 
Lag. We than k 1he Doctors and st~O· c!f tlte Cltmnp Fle11ri clinic and M. Tltbrse cliuic, 
wlto pro!lirled liS wit it 11111bilical cord blood Silliiples, C. Pmwye fo r ltelp in cytometry 
(Ce111er C0 /11111/.111 de cyt'!fluoml/letrie, Hop. E 1-lerricll, Lyon), C. Ca~~:>· fo r il eiJ!fid 
diswssion, a111l Y Kyndt fo r 1~vis iou. '!f tlte Euglis/1 text. 
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